The potential to use a three-dimensional (3D) computational fluid dynamics (CFD) model to produce the complexity of the flows in water-pump intakes and the prospects to use it as an effective assistant in the design or fixing of the related problems are reported. A scaled model of a real water-pump intake with flow conditions corresponding to the prototype was selected 
INTRODUCTION
Practical water-pump intakes often encounter problems caused by a number of free surface and subsurface vortices.
These vortices are difficult to be completely avoided and have detrimental impacts on the water-pump intake operation as they increase the swirl of the flow entering the suction bell of the intake, and may be transported downstream to interact with the impeller, inducing vibration and cavitation. As a result, intake efficiency may be reduced significantly and intake structures may even be destroyed. Physical problems in water-pump intakes, efforts to minimize their impact and design criteria have been reviewed and discussed in several papers and reports (Prosser 1977; Tullis 1979; Sweeney et al. 1982; Knauss 1987; Melville et al. 1993; Tsou 1998) . In general, satisfactory performance in water-pump intakes requires an appropriate design of several intake geometric factors and may be achieved if the vortex formation near the pump column can be minimized. In the past, intake design was mostly based on scaled physical models. Such an approach is often expensive, time-consuming and site-specific and requires experience from the modelers. With the recent development of effective CFD models, numerical simulation is becoming an alternative way to address this type of hydraulic problem. Numerical efforts have been reported
by Takata et al. (1992) , Sotiropoulos et al. (1996) , Lu et al. (1997) , Constantinescu and Patel (1998a, b) and Li et al. (2004) . Li (2001) and Li et al. (2001 Li et al. ( , 2004 demonstrated the use of a 3D numerical model for flows in water-pump intakes.
The model (Lai et al. 2003a, b) 
CFD MODEL
This model solves the Reynolds-averaged Navier -Stokes (RANS) equations for steady, incompressible turbulent flows in a pump intake. The mass and momentum equations are written, in Cartesian tensor form, as
where U j and u j ¼ jth components of the mean and fluctuating velocities, P ¼ piezometric pressure and r and m ¼ fluid density and viscosity, respectively.
The Reynolds stresses 2ru i u j are expressed in terms of the mean rate of strain using Boussinesq's eddy-viscocity formula: For the present applications, the standard k-1 model (Launder & Spalding 1974 ) is used. The eddy viscosity is obtained from
where 1 ¼ turbulence dissipation rate. The transport equations for k and 1 are expressed as
where Figure 1 shows the overall pump intake configuration of the pump intake model simulated in this study. is the distance from backwall to pipe center, S is the pipe entry depth, C is the clearance from the floor and D m is the pump bell mouth diameter at the entrance. The geometric In this study, a multi-block hexahedral mesh is generated using the GRIDGEN, developed by Pointwise, Inc. Figure 
DESCRIPTION OF THE INTAKE MODEL AND NUMERICAL SIMULATION
parameters are: d ¼ 0.152 m, D ¼ 0.1647 m, D m ¼ 0.233 m, L1 ¼ L2 ¼ 2.0d, L ¼ 5.02d, X ¼ 1.15d, S ¼ 2.37d, C ¼ 0.77d, H ¼ 10.35d (H is
COMPARISON AND DISCUSSION OF MEASURED AND CALCULATED RESULTS
The laboratory experiments were conducted under two incoming flows, namely, "no-cross-flow" (no secondary motions) and "cross-flow" (with secondary motions). The main flow patterns were observed; the streamwise velocity distributions in the approaching channel, axial velocity distribution at and above the pump throat, and swirl angle at the pump throat were also measured. The numerical simulations were processed to focus on comparisons with the experimental observations and measurements. An important indicator to check the quality of the flow entering into the pump column is the swirl angle, u ¼ tan 21 ðV u =U P Þ, where V u is the tangential velocity of the vortex, defined as V u ¼ G=2pr V , G is the circulation of the vortex, r V is the equivalent radius of the vortex and U P is the bulk velocity in the pump column. For the "no-crossflow", the measured swirl angle is 4.58 at the pump throat (Ansar 1997) and the calculated value is 3.28, lower than the experimental value, but they both satisfy the design criteria of u , 58 given by several authors (Padmanabhan & Janek 1980; Sweeney et al. 1982; Nakato et al. 1999) .
Observations of flow features
For the "cross-flow", the strong secondary motions of incoming flows induce a strong swirl of the approaching flow, which is transmitted to the suction bell. As a result, the measured swirl angle is as high as 9.28 at the pump throat (Ansar 1997) and the calculated value is 11.58, higher than the experimental value, with both failing to meet the same design criterion of u , 58. For "cross-flow" and at the pump throat, the numerical model predicted a narrower velocity deviation than the experimentally measured V-shaped distribution. Numerical results and experimental data show that swirl is weak inside the pump column and the swirl angle is within the design criterion u , 58 for "no-cross-flow", but it is stronger and does not meet the same design criterion for "crossflow".
CONCLUSIONS
This study demonstrates that the 3D CFD model may be utilized as a cost-effective tool in engineering preliminary designs or fixes of existing water-pump intakes.
However, limitations associated with the inlet flow of strong secondary motion should be noticed. Besides the robustness demonstrated in this and a former study (Li et al. 2004) , it is necessary to address the following issues (1) Although some of the complications that arise in practical installations are simulated, e.g., a pump bell, the intake bay geometry is still relatively simple.
This model has been applied with success to a practical intake model from Nakato et al. (1999) . 
